Most radiology departments have established quality assurance (QA) and quality control (QC) programs for conventional film-based image management systems. At many institutions, digital image management systems, or picture archiving and communication systems (PACS), are replacing part or all of the film management system. In these situations, it is important to control the quality of the digital images that are produced. The observed frequency of eight types of image-related errors occurring on an image viewing station Iocated in a medical intensive care unit is reported. Images on the viewing station were checked for 12 consecutive weeks. Film images available in the radiology reading room and digital images on the viewing station were compared with a list of completed examinations produced by the radiological information system. Overall, 1,082 patient examinations were encountered. Seventy-six images (7.02% of all imagesl were observed with errors. In addition, four previously unencountered types of errors were observed in 11 images (1.01 % of all images). The majority of the errors are attributed to interfaces either between information systems or between the PACS and the user. It is concluded that QA-QC procedures are necessary for PACS, and that good interfaces, both between information systems and between humans and computer systems, are essential for successful PACS implementations.
T HE GOAL of a quality assurance (QA) program in diagnostic radiology is to guarantee the delivery of timely and accurate information. Secondary goals include reducing patient radiation exposure risk, discomfort, and cost to the patient and community. 1 According to the National Council on Radiation Protection (NCRP), 2 quality control (QC) is
In this paper, results of a QA program established to monitor the performance of an intensive care unit (ICU) picture archiving and communication system (PACS) are reported.
At many institutions, PACS, or limitedfunction PACS (mini-PACS), 3 are being implemented. Examples of mini-PACS include centralized laser film printers, ultrasound and nuclear medicine imaging networks, and critical care PACS. 4-8 Because of the immature state of the technology, information concerning quality assurance or quality control of PACS is scarce. 9-]2 There are few reports that outline acceptance testing procedures for PACS components 13 (workstation monitors, for example). These reports do not address issues related to the quality of information managed by the PACS. Guidelines concerning the implementation of a QA-QC program for information (images, reports, etc) managed by a PACS are also scarce, t4 To our knowledge, there is no literature reporting the results of comprehensive PACS QA-QC programs.
At our institution, an ICU PACS 15 has been developed. Storage phosphor computed radiography (CR) is used for direct digital image capture of bedside radiographs. 16 A technologist substitutes a CR storage phosphor plate for a conventional screen-film receptor during routine bedside radiographic examinations. CR plates are processed using one of two Fuji AC1 +s (Fuji Medical Systems, Stamford, CT) located in the radiology department. Each image is identified by a flashcard and by the manual entry of an order-specific requisition number. Hard-copy film is produced for radiologic interpretation, and the corresponding digital data is captured by the ICU PACS system. (Table 1) . Baseline performance levels for the quality of radiologic information delivered to remote viewing stations need to be established. Goals of this study were to identify and establish the frequency of observation for parameters indicative of quality of information available on a viewing station. Ideally, every image should be properly identified, oriented correctly, transmitted to the proper viewing station and have the radiologic interpretation available. Parameters identified in this study relate to image availability, timeliness of image and report delivery, and accuracy. Issues related to PACS hardware (monitors, digitizers, etc) quality control are not addressed.
MATERIALS AND METHODS
In this study, eight types of errors related to the quality of information delivered to an image viewing station in a medical ICU (MICU) are identified. These parameters are listed in Table 2 . During a 12-week period beginning in September 1994 and ending in December 1994, data were collected to evaluate the magnitude of these errors. Data were collected Monday through Friday, excluding holidays. Images associated with patient examinations performed on weekends and holidays were included in this study; these images were examined on the next work day. A standard procedure for data collection was established. To acquire data, a list of completed bedside examinations performed on patients in the MICU over the previous 2.5 days was generated. This information was retrieved from reports produced by the RIS each day between 6:30 AM and 7:00 AM. Similarly, a list of images available on the viewing station in the MICU was generated at 7:00 AM.
The list of completed examinations was verified by reviewing the film images of MICU patients available in the radiology department's reading room. Differences between the RIS-generated list of completed orders and films available in the reading room were recorded. Discrepancies between the patient identification on the film image and order request were also recorded. The RIS-generated list of completed examinations and the list of images available on the MICU viewing station were similarly compared. Missing images and images inadvertently sent to the viewing station were recorded. Al1 new images (those not reviewed as part of the QC activity since the previous check of the viewing station) were displayed and checked for correct identification and proper orientation. Images acquired on the previous day were checked for the presence or absence of the radiologic interpretation. The area surrounding the viewing station was searched for film images. Films that were found were checked against the list of films missing from the radiology reading room. AII discrepancies were recorded.
RESULTS
During the 12-week period of the survey, 1,082 bedside radiologic examinations were conducted on MICU patients. The MICU has 12 beds. The average occupancy during the study was 11.14 patients per day with 12.88 radiographic examinations performed per day. During the study, 76 errors (7.02% of all examinations) were observed. The errors and frequency of occurrence are listed in Table 2 .
During the study period, four previously undetected types of errors were discovered. Table 3 lists these additional errors and their frequency of occurrence. These errors were (1) improper image processing (a chest examination was processed as an abdomen); (2) failure of the CR system to properly process a patient identifying flashcard; (3) incorrect patient census information leading to premature removal of patient images from the viewing station, and (4) repeated examinations (positioning errors) transmitted to viewing station. In total, 11 additional occurrences of such errors (1.01% of all examinations) were observed during the course of the study.
Each type of error has been classified accord- Tables 2 and 3 , 12.6% of the errors were categorized as significant (1.02% of all images), 57.5% resulted in lost information (4.62% of all images), and 29.9% were categorized as inconvenient (2.40% of all irnages). The second metric categorizes the error as unique to the PACS or common to both the PACS and conventional film management system. Of the 12 errors observed during this study, 8 occur in both the PACS and conventional film management system. Four errors were unique to the PACS system. Tables 2 and 3 include the values of this metric for each error type.
DISCUSSION
The cause of all errors found was investigated. The results of this investigation are listed in Tables 2 and 3 . A flowchart of information passing through our ICU-PACS is shown in Fig  1. Sources of errors occurring in the system are highlighted. The majority of errors are attributable to technologist oversights (34 errors, 39.1% of errors) or HIS-RIS interface failures (33 errors, 37.9% of errors). Eighteen errors (20.7%) were caused by a lack of radiologic interpretation available after 24 hours. CR or PACS hardware failures caused errors for two images (1 lost image, and 1 image with no flashcard). The ICU-PACS was designed to provide redundancy of all major equipment, with no single equipment failure resulting in the overall failure of the system. Previous documentation ~5 indicates that individual components of the ICU-PACS system are available > 97% of the time. The two mentioned hardware failures were the only instances where equipment failure (ie, CR device or computer failure) lead to delays in sending images to the ICU.
It is important to understand that a single failure can manifest itself as several errors. For example, an incorrectly entered order number results in wrong patient information being associated with an image. If the incorrectly entered order number corresponds to a patient in the MICU, this error would resultan incorrect image being presented to a clinician, and classified asa severe error. Continuing our example, if the image was of a patient in the MICU, the incorrectly identified image would not be sent to the MICU. This would result in a lost image, which is categorized as incomplete data. Errors related to manual entry of order numbers can be corrected by implementing a less error-prone method of data entry. Bar coding of patient information onto study requisition forms 17 and digital connection of CR systems to RIS terminals ~s are currently being investigated.
The interaction between the HIS-RIS and the PACS is complicated) 9 The ICU PACS requests patient demographic and report information from the RIS. The RIS, in turn, depends on the HIS for much of its information. Any disruption in the flow of information between the HIS, RIS and the ICU PACS is categorized as an HIS-RIS failure. Manual procedures exist, as part of the routine PACS operation, to correct these potential errors. However, there is no guarantee that the technologist will detect and correct, in time, errors associated with HIS-RIS failures.
The error "No order number" is ffequently caused by an HIS-RIS failure. Investigation showed that this error is attributable, in most cases, to the current RIS and HIS data-backup procedures. The RIS is backed up (while online) daily between 8:00 PM and 8:30 PM. The HIS is backed up (while off-line) daily between midnight and 2:00 AM. These times are approximate, and may be extend as late as 5:00 AM for the HIS. Orders requested during backup periods must be entered after both systems become available. The ten examinations classified as "No order number" in Table 2 are shown in Table 4 with the corresponding time of day the examination was performed. The correlation between the occurrence of this error and the schedule of the RIS-HIS backup procedures is obvious.
One expected outcome of the ICU PACS implementation was a decrease in the number of lost ICU films anda corresponding improvement in reporting and billing of these examinations. Therefore, the problem of"No diagnosis" was investigated further. An image was labeled as "No diagnosis" if the radiologic interpretation was not available on the clinical viewing station 24 hours after the image was produced. Overall, 1,064 of the 1,082 images studied (98.3%) Rapid, reliable access to information plays an important role in maintaining high quality in a PACS. To achieve this requires simple, userfriendly interfaces for humans and robust interfaces between information systems. This issue is emphasized by the fact that every error type uncovered by this study, except for the flash card processing error and the loss of a single image, was preventable.
The ICU PACS system discussed relies on manually entered order numbers for the initial identification of patient images. This is not a desirable situation. The existing interface between the RIS-HIS and PACS is unreliable, as is the HIS-RIS system. This is the result of the current implementation of the interface (a terminal emulation) and the extended periods of time (> 10% of the day) that the HIS-RIS is unavailable. Combined, these two factors account for 48 of the 87 errors (55.87%) that occurred in our sample. It is strongly recommended that any site consideration implementing a PACS seriously consider the user and HIS-RIS-PACS interfaces early in the design and implementation stages.
A QC procedure that is performed by a technologist on every image before distribution to clinical review stations. Despite this measure, a significant number of errors go undetected. Thus, a separate check of information produced by a PACS is necessary. Asa result of this study, the PACS has been modified and a technologist level position is being created to perform routine PACS QC.
